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well, the smaller particles of sand, clay and 
the like are carried into the well. The re- 
moval of these particles from the formation 
enables other large particles to shift their 
positions. In some instances, these larger par- 
ticles are also carried into the well whereas 
in others the shifting of the larger particles 
removed the support for additional smaller 
particles so that they could migrate toward 
the welL In this manner, the particles are 
sorted according to size which can result in 
the production of substantial quantities of 
sand and other solids along with the well 
fluids. Screens and gravel packs are some- 
times placed opposite these unconsolidated 
zones to filter the solids out of the fluids 
moving toward the welL These filtering de- 
40 vices frequently become plugged following a 
comparauvely short period of use owing to 
tideT ntm S ^ tmg ^ sortin e of par- 
Various agents have been used to consoli- 
date the sand and other loose particles into 
[Price 4s. 6d.] 
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l u ^ C !- L a "caung nuia into an incompetent 
formation to bind together the loose particles 
near the well. It is another object to prevent 
the transport of solids into the well by the 
fluids from the formation. A further object is 
to cement the formation particles together 
while retaining more than 10 per cent of the 
original permeability. 

These, as well as other objects, are accom- 
plished by depositing a pliant synthetic poly- 
meric material on the particles in the f or- 
matum whereby they are cemented together in 
a soft rubbery mass. 

Thus according to the present invention 
there is provided a method of treating a 
water-containing incompetent formation pene- 
trated by a well to prevent movement and 
sorting of particles therein as fluid flows from 
the resulting permeable formation into said 
well comprising: injecting a solution of a 
cementing material into said formation, said 
solution comprising a hydrophih'c solvent and 
a material which deposits a pliant synthetic 
polymeric solid on particles of said formation 
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Method of Treating Unconsolidated Well Formations 



We, Pan American Petroleum Cor- 
poration, a Corporation organized under the 
laws of the State of Delaware, United States 
of America, of P.O. Box 591, Tulsa 2, 
Oklahoma, United States of America, do 
hereby declare the invention, for which we 
pray that a Patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to a method of treat- 
ing unconsolidated formations penetrated by 
a well to prevent the movement and sorting 
of particles near the well. More specifically, 
we have found that particle movement can be 
prevented without a major decrease in the 
permeability of the formation when the par- 
ticles are bonded together with a pliant syn- 
thetic polymeric cementing material. 

Many oil and gas wells produce from in- 
competent or unconsolidated formations. As 
fluids move from such formations into the 
well, the smaller particles of sand, clay and 
the like are carried into the well. The re- 
moval of these particles from the formation 
enables other large particles to shift their 
positions. In some instances, these larger par- 
ticles are also carried into the well whereas 
in others the shifting of the larger particles 
removed the support for additional smaller 
particles so that they could migrate toward 
the well. In this manner, the particles are 
sorted according to size which can result in 
the production of substantial quantities of 
sand and other solids along with the well 
fluids. Screens and gravel packs are some- 
times placed opposite these unconsolidated 
zones to filter the solids out of the fluids 
moving toward the well. These filtering de- 
vices frequently become plugged following a 
comparatively short period of use owing to 
the continued shifting and sorting of the par- 
ticles. 

Various agents have been used to consoli- 
date the sand and other loose particles into 

[Price 4s. 6d.] 



a rigid mass to prevent this movement. A 
common means used to evaluate these con- 
solidating agents is on the basis of the com- 
pressive strength of the consolidated mass. 
This philosophy possibly was adopted on the 
premises that the treated formation should 
resemble a permeable, naturally consolidated 
formation. Unfortunately, the materials which 
have been used to accomplish this aim fre- 
quently produce a major loss in the perme- 
ability of the formation, i.e., the permeability 
of the formation frequently is decreased more 
than 90 percent when sufficient consolidating 
material is used to develop the desired com- 
pressive strength. Attempts to increase the 
permeability by flushing a greater portion of 
the consolidating agent from the pores to de- 
velop larger flow channels usually resulted 
in a poor consolidated mass offering little or 
no improvement in sand control. 

Accordingly, it is an object of our invention 
to inject a treating fluid into an incompetent 
formation to bind together the loose particles 
near the well. It is another object to prevent 
the transport of solids into the well by the 
fluids from the formation. A further object is 
to cement the formation particles together 
while retaining more than 10 per cent of the 
original permeability. 

These, as well as other objects, are accom- 
plished by depositing a pliant synthetic poly- 
meric material on the particles in the for- 
mation whereby they are cemented together in 
a soft rubbery mass. 

Thus according to the present invention 
there is provided a method of treating a 
water-containing incompetent formation pene- 
trated by a well to prevent movement and 
sorting of particles therein as fluid flows from 
the resulting permeable formation into said 
well comprising: injecting a solution of a 
cementing material into said formation, said 
solution comprising a hydrophilic solvent and 
a material which deposits a pliant synthetic 
polymeric solid on particles of said formation 



50 



55 



60 



65 



70 



75 



80 



85 



90 



SEE EftftATA SLIP ATTACHED 



2 



1,107,584 



when said, solution mixes with water in said 
formation, flushing said formation with a 
fluid to displace a portion of said solution 
from the interstices between the soild particles 

5 in said formation near said well and main- 
taining said flush fluid in the interstices of 
said formation while said pliant synthetic 
polymeric solid deposits on said particles. 
The cementing material is one which is 

10 activated or caused to deposit by water in 
the formation, producing a pliant synthetic 
polymeric material which is insoluble in for- 
mation fluids. The cementing material is in- 
jected into the formation as a solution in a 

15 hydrophilic solvent which is miscible with 
both water and the organic petroleum residue 
near the well. When the particles are 
cemented together with a pliant material, the 
formation can yield a slight amount as fluids 

20 flow through without releasing particles. On 
the other hand, a formation consolidated with 
a rigid material such as a phenolic resin can- 
not yield without fracturing, thereby releasing 
sand grains. 

25 We have found two types of cementing 
materials which are suitable for practicing our 
invention. One of these is a material which 
reacts chemically with water to produce a 
continuous, pliant or elastic coating on the 
30 sand. An example of this type of compound 
is an aromatic isocyanate such as toluene-2, 
4-diisocyanate. This compound reacts with 
water to produce carbon dioxide and an 
amine. The amine then combines with two 
35 more isocyanate groups to produce a biuret. 
Further reaction of additional isocyanate 
groups produces the polymeric elastic material. 
The aromatic polyisocyanates may be com- 
bined with any of several aliphatic poly- 
40 hydroxy compounds which are known to react 
with them in the presence of water to pro- 
duce a rubbery polymer. Suitable polyhydroxy 
compounds are glycerine, ethylene glycol, the 
polyalkyleneether glycols such as poly- 
45 propyleneether glycol, and fatty acid trigly- 
cerides such as castor oil. Also, other aromatic 
polyisocyanate compounds may be used as 
taught in the article by Temple C. Patton in 
Paint Industry Magazine, September, 1959, 
50 and in the text by Bernard A. Dombrow, 
Polyurethanes, Reinhold, 1957. An isomeric 
mixture containing 80 percent toluene-2, 4- 
diisocyanate and 20 percent tolucne-2, 6-di- 
isocyanate is partial la rly suitable. The resins 
55 produced from these compounds are known 
as polyurethanes. The ratio of the polyiso- 
cyanate to the polyhydroxy compound must 
provide an excess of the isocyanate groups 
over the hydroxy! groups. The polyure thane- 
60 forming mixture is employed in a solution 
with a hydrophilic or water-soluble solvent 
such as acetone and methyl ethyl ketone. The 
concentration of the monomers in the solution 
should be from about 40 percent to about 



60 percent by weight, preferably about 50 65 
percent. 

The other type of cementing material which 
can be used in practicing our invention is a 
solution of a pliant or elastic compound in a 
water-soluble solvent. A particularly suitable 70 
material is a solution of high impact poly- 
styrene in acetone and methyl ethyl ketone. 
The so-called high impact polystyrenes are 
copolymers of styrene and one or more other 
monomers, which produce a pliant plastic. 75 
A pliant styrene copolymer containing up to 
15 percent 1,3 -butadiene is soluble in water- 
soluble ketones. A solution containing from 
about 10 percent to about 30 percent of a 
high impact polystyrene in the water-soluble 80 
ketones can be used; however, we prefer to 
use a 20 percent solution. Although either 
acetone or methyl ethyl ketone can be used 
as a solvent for the polystyrene, a mixture 
of approximately equal volumes of each is 85 
preferred. 

The water-soluble ketones such as acetone 
and methyl ethyl ketone are especially, suit- 
able for practicing our invention. These 
ketones are solvents for both the oil and 90 
water in the formation as well as for cement- 
ing materials which we have found to be 
effective. Thus, the particles of the for- 
mation are wetted by the cementing material, 
whether they be oil-wet or water-wet. Addi- 95 
tionaJly, the water in the formation will dis- 
solve in the solvent to activate or otherwise 
cause the deposition of the cementing mat- 
erial. 

In carrying out the method of our in- 100 
vetnion, the zone to be treated is isolated 
from the rest of the walL If, for example, 
the formation opposite perforations in the well. * 
casing is to be treated, packers may be set 
above and below those perforations with a 105 
tubing extending to the surface from the 
zone between the packers. Aqueous fluids in 
the well between the packers as well as any 
which might have entered the tubing should 
be flushed out before the cementing material 110 
is injected to avoid premature deposition of 
the cement. This may be accomplished by 
pumping 1 — 5 barrels of a petroleum-liquid 
such as crude oil, kerosene, or the like, down 
the tubing ahead of the cementing material 115 
to inject the petroleum liquid into trie incom- 
petent formation. A quantity of cementing 
material sufficient to consolidate the formation 
for a distance between one and two feet sur- 
rounding each perforation is preferable. Since 120 
the cementing material coats the formation 
particles without filling the interstices between 
the particles, a volume of uniting material 
equal to about one-half the pore volume of 
the formation to be consolidated is usually 125 
adequate. Laboratory studies have shown the . 
consolidating material fills a substantially 
spherical section of the sand body with the 
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center of the sphere at the perforation when 
the solution is displaced through a perfor- 
ation. From about one to about five gallons 
of the cementing material may be injected into 
5 each perforation in a recently perforated in- 
terval where there has been little opportu- 
nity for movement of the formation par- 
ticles. As much as one barrel of cementing 
solution may be used for each perforation 
10 where there has been considerable movement 
as evidenced by the presence of sand in the 
produced fluids. The cementing material is 
displaced down the tubing and into the for- 
mation with a non-aqueous fluid such as kero- 
15 sene. Upon reaching the formation, the kero- 
sene provides an overflush to remove the 
cementing solution from the interstices of the 
formation, leaving a thin layer coating the 
particles before there has been a substantial 
20 deposition of the cement from the solution. 
Owing to the hydrophilic property of the 
cementing solution, the water in the formation 
will be absorbed in the solution and produce 
precipitation of the cement. In the case of 
25 a cementing material such as the polyiso- 
cyanates, reaction occurs between some of the 
water in the formation and the injected poly- 



isocyanate to produce the elastic, rubbery 
binder which coats and binds the particles. 
Similarly, the solution of high impact poly- 30 
styrene in water-soluble ketones absorbs the 
water in the formation. The resulting dilu- 
tion of ketone solvent causes precipitation of 
the polymer onto the solid surfaces. The well 
should be closed in with the kerosene in the 35 
interstices for approximately 24 hours to 
allow the precipitation of the cement on the 
surfaces of the formation particles. When the 
well is returned to production, the residual 
cementing solution, diluted solvent, and the 40 
like will return to the well in advance of 
the reservoir fluids. 

A series of laboratory tests were made to 
compare the method of our invention with 
those of the prior art. In these tests, a Hassler 45 
tube was packed with loose sand taken from 
an oil-bearing formation and the pore volume 
of the resulting cell determined. The cell was 
first saturated with brine, then flushed with 
oil to the irreducible minimum brine satur- 50 
ation, The sand pack was then treated with 
one of the consolidating agents. The results 
of these tests are summarized in Table 1. 
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which is caused to solidify and cement the 
sand grains by the water in the formation 
rather than an extraneous fluid. Additionally, 
the bonding agent should be one which is 

5 pliant or elastic so that the consolidated for- 
mation can be deformed without rupturing. 
Other pliant cementing materials such as cellu- 
lose nitrate and cellulose acetate which are 
soluble in the water-soluble ketones may be 

10 used in practicing our invention. Some of 
the Nylon or polyamide resins have sufficient 
flexibility and suitable solvent properties for 
use in consolidating formations. For example, 
poiyhexamethylene adipamide modified by 

15 reaction with formaldehyde can be dissolved 
in 80% aqueous ethanol and used according to 
our invention. An alcohol-soluble polyamide 
suitable for this process is available com- 
mercially as Zytel 61. 

20 Our invention has been described as it may 
be practiced using a string of tubing in the 
well. Another method which has been found 
to reduce the time and expense of the treat- 
ment involves the use of a wire line dump 

25 bailer. With the bailer suspended at the pro- 
per level in the well, packers are set to iso- 
late the perforations to be treated. There- 
after, the solution of cementing material fol- 
lowed by the overflush liquid is displaced from 

30 the bailer into the formation. Wire line dump 
bailer services suitable for this method of 
treating the formation are commercially avail- 
able. This method may be used either to 
workover an old well or in completing a new 

35 well. In the latter instance, the cementing 
material can be injected into the formation 
immediately after the casing is perforated be- 
fore there has been an opportunity for the 
formation particles to move. 

40 WHAT WE CLAIM IS: — 

1. A method of treating a water-containing 
incompetent formation penetrated by a well 
to prevent movement and sorting of particles 
therein as fluid flows from the resulting per- 

45 meable formation into said well comprising: 
injecting a solution of a cementing material 
into said formation, said solution comprising 
a hydrophilic solvent and a material which 
deposits a pliant synthetic polymeric solid on 

50 particles of said formation when said solu- 
tion mixes with water in said formation, flush- 
ing said formation with a fluid to displace 
a portion of said solution from the interstices 



between the solid particles in said formation 
near said well and maintaining said flush fluid 55 
in the interstices of said formation while said 
pliant synthetic polymeric solid deposits on 
said particles. 

2. The method of claim 1 wherein said 
cementing solution comprises a mixture of 60 
compounds which react in the presence of 
water to produce a pliant cementing material, 
said mixture being in solution with a solvent 

for both water and petroleum residues. 

3. The method of claim 2 wherein said 65 
cementing solution consists of polyurethane- 
forming monomers in a solution containing 
acetone and/or methyl ethyl ketone, the con- 
centration of said monomers in said ketone 
being between about 40 percent and about 60 70 
percent by weight. 

4. The method of calim 1 wherein said 
cementing solution comprises a solvent for 
both water and petroleum residues, and a 
cementing material which deposits on the 75 
particles of said formation as a pliant syn- 
thetic polymeric solid upon the dilution of 
said solvent with water. 

5. The method of claim 4 wherein said 
solution consists of from 10 percent to 30 80 
percent by weight of high impact polystyrene 

in a solvent containing acetone and/or methyl 
ethyl ketone. 

6. The method of claim 5 wherein said 
solution contains approximately equal volumes 85 
of acetone and methyl ethyl ketone. 

7. The method of claim 4 wherein said 
solution consists of from 10 percent to 20 
percent by weight of a flexible polyamide 
resin in ethanol containing approximately 20 90 
percent by weight of water. 

8. The method of claim 1 including the 
step of injecting a petroleum liquid into said 
incompetent formation in advance of said solu- 
tion of cementing material. 95 

9. The method of claim 1 wherein said 
solution is injected into said formation 
through perforated well casing opposite said 
formation. 

10. A method of treating a water-contain- 100 
ing incompetent formation substantially as 
herein described. 

STEVENS, LANGNER, PARRY & 
ROLLINS ON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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